AbstrAct background Neighbourhood Renewal (NR) was launched in Northern Ireland (NI) in 2003 to revive the social, economic and physical fabric of 36 deprived communities, characterised by a legacy of sectarian conflict. This study evaluates the impact of the policy on health over a decade. Methods A merged panel of secondary data from the British Household Panel Survey (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) and Understanding Society (2009-2012) yields longitudinal information on respondents for 12 years. We conducted a controlled before and after investigation for NR intervention areas (NRAs) and three control groupstwo groups of comparably deprived areas that did not receive assistance and the rest of NI. Linear difference-indifference regression was used to identify the impact of NR on mental health, self-rated health, life satisfaction, smoking and exercise. Subgroup analysis was conducted for males and females, higher and lower educated, retired, unemployed and home owner groups. results NR did not have a discernible impact on mental distress. A small, non-significant trend towards a reduction in the gap of good self-rated health and life satisfaction between NRAs and controls was observed. A 10% increase in probability of rating life as satisfying was uncovered for retirees in NRAs compared with the rest of NI. Smoking in NRAs declined on par with people from control areas, so a NR influence was not obvious. A steady rise in undertaking weekly exercise in NRAs compared with controls was not statistically significant. conclusions Area-based initiatives may not achieve health gains beyond mainstream service provision, though they may safeguard against widening of health disparities.
IntroductIon
A growing body of UK and international evidence examining the health effects of urban regeneration has emerged since the 1990s. Despite this, clear and consistent support for the effectiveness of areabased initiatives (ABIs) on health has not materialised.
This paper assesses the health impacts of a major urban regeneration policy, Neighbourhood Renewal (NR) in Northern Ireland (NI). 1 NI is a unique study setting as the region is marked by the legacy of 30 years of conflict . The scars of an era of chronic unemployment, 2 scant inward investment 3 4 and psychological trauma [5] [6] [7] [8] [9] are thought to have left a legacy of poor health 10 11 in some balkanised communities.
NR was launched in 2003 as a devolved response to the Blair government's National Strategy for Neighbourhood Renewal, 12 analogous to England's New Deal for Communities (NDC). Originally designed to roll out over 7-10 years, the Strategy provided intensive community-led assistance to 36 neighbourhoods suffering the highest levels of deprivation, accommodating one in six NI residents (280 000 persons). 13 Intervention neighbourhoods were selected because they fell in the 10% most deprived urban wards in NI, identified by the 2001 Noble Multiple Deprivation Measure. 14 The total of 36 areas was determined through public and statutory consultation.
i NR partnership boards in each of the NR intervention areas (NRAs) comprised local stakeholders, representatives from key delivery agencies and residents. The partnerships created Vision Statements and 3-year Action Plans, which outlined the priorities for their area and guided the allocation of funds. 1 The NR Investment Fund subsidised community, economic, social and physical renewal investments. Health featured as one of the social renewal objectives. Annual reports from NRA partnerships reveal that the prioritisation of health varied considerably across NRAs and a kaleidoscope of health projects were implemented. 15 Common themes included physical activity promotion and weight management, nutrition and food poverty, mental well-being and suicide prevention, drug and alcohol awareness, smoking cessation, disability and elderly social inclusion, sexual health, fuel poverty mitigation and health-condition-specific groups. The policy also recognised that health could be affected by other renewal themes attending to upstream determinants of health such as employment, education and the physical environment. Examples included the provision of accredited skills, employability and educational courses, crime prevention initiatives, installation of security measures, improved housing, traffic calming schemes, land developed for green space and enhanced public realm. 15 i It is worth noting that while the 36 Neighbourhood Renewal intervention areas (NRAs) were ranked similarly on deprivation measures, individually these areas differed in their community characteristics, socioeconomic conditions and population size. For example, in 2001, the average population across NRAs was 7700 persons, but the largest NRA, Inner East Belfast (20 500 persons), had a population 26 times that of the smallest NRA, Dungannon (780 persons). 16 Due to a lack of clear financial accounting in the Strategy's infancy, the total budget spend on health was undefined. However, data for 2012/2013 state that 27% of funds were allocated to the social renewal stream, 16 and individual NRA reports suggest that circa 10%-15% of an area's budget was typically disbursed on health schemes. 15 The NI government commissioned mid-term and final evaluations of NR. 14 16 The final evaluation assessed the impact of NR on health by comparing available administrative statistics for NRAs with non-NRAs. Indicators were only compared for the years 2004/2005 and 2010/2011. The evaluators uncovered a 12% increase in the gap between NRAs and non-NRAs on premature mortality rates (deaths under the age of 75) between 2005 and 2010, a 0.3% widening in the gap on suicides, no change in the gap in the proportion of deaths due to drugs and alcohol, and a 3.7% reduction in the gap of births to teenage mothers. It is not statistically rigorous to attribute the change in these health indicators to NR using this 'gap analysis' approach, meriting a more comprehensive and robust investigation. The evaluation also does not capture resident's own views of their health. Moreover, academic studies of England's NDC found conclusions somewhat different from government-commissioned evaluations. Annual face-to-face interviews were carried out with all household members in survey households aged 16 and over. A single household questionnaire was completed for the household, and each adult was interviewed with an individual adult questionnaire. An adult self-completion questionnaire was also issued, containing more sensitive questions concerning mental health and attitudes. Sample members were followed as they move address.
research report
In the period 2003/2004 to 2012/2013, £194 million was invested in NR, approximately £75 per capita per annum for residents of NRAs.
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Methods data
The first wave of the NIHPS was carried out in 2001 as an extension of the longer running British Household Panel Survey (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) and comprised an unclustered sample of the population in private households. Approximately 2000 households and 3500 individuals were interviewed in the first wave. The household response rate was 69% and individual response rate was 89%. 21 The iii The coding for the geographical indicator of super output areas (soas) in Northern Ireland (NI) does not follow the same 'two layer' coding dents living in NRAs and non-NRAs were distinguished, permitting the construction of control groups for statistical analysis.
control groups
All respondents living in non-NRAs in NI were identified as a control group, Non-NRAs. Two further control groups comprising respondents living in the most deprived areas in NI as ranked according to the 2005 Multiple Deprivation Measure that were not NRAs were also fashioned. 22 The first deprived control group contained respondents living in the 25% most deprived soas, Control 1. The second deprived control group was slightly wider and contained those living in the 30% most deprived soas, Control 2.
health measures
The NIHPS and Understanding Society surveys use the 12-item General Health Questionnaire (GHQ) to measure mental distress. This measure is constructed from responses to 12 questions, which cover hedonic and eudemonic aspects of well-being and functioning-feelings of happiness/depression, enjoyment of day-to-day activities, confidence, self-worth, ability to face problems, overcome difficulties, levels of strain faced, capacity to make decisions, feelings of ability to play a useful role, and ability to sleep and concentrate. Responses were given on a fourpoint Likert scale ranging from 'better than usual' to 'much less than usual'. Answers were then converted to a single scale from 0 (least distressed) to 36 (most distressed).
Self-rated health was measured slightly differently between the NIHPS and Understanding Society surveys but could be reconciled with health ratings grouped into the categories of 'very poor or poor', 'fair', 'good or very good' and 'excellent' (see online supplementary figure 1 of the accompanying supplementary file). Self-rated health was dichotomised (1/0) where one represents 'good or better' self-rated health.
Life satisfaction was asked from wave two of the survey and measured on a seven-point scale with the options ranging 'completely', 'mostly', 'somewhat' and 'neither' dissatisfied/ satisfied. Life satisfaction was dichotomised where one represents 'somewhat satisfied or better' levels of satisfaction.
Frequency of physical activity was harmonised between the two surveys and a dichotomous variable 'exercise at least once a week' could be constructed, though this was only asked in 5 out of the 12 survey waves, with one pre-intervention wave. Smoking behaviour was asked in 10 waves and the dichotomous variable 'smoker' was used. Greater details on the outcome measures exploited and a discussion of validity are provided in the supplementary material.
demographic and socioeconomic confounders
The merged survey yields demographic and socioeconomic information on respondents including gender, age, education, employment status, household income and other sources of income, marital status, number of children, housing tenure and subjective financial status. 
research report statistical analyses
Linear iv regression difference-in-difference (DD) modelling was employed to estimate the effect of NR, offering a quasi-experimental research design with observational study data. [23] [24] [25] The effect of an intervention is inferred by comparing the pre-intervention and post-intervention change in an outcome for NRAs relative to the control group(s). The performance of the control group gives an implied counterfactual-an indication of what would have happened in NRAs in the absence of NR. DD relies on the 'parallel trends' assumption where trends over time, be that in health or well-being, are assumed to be equivalent in both the NRA and control group in the absence of NR.
The dependent variable, Y it , is the health of individual i at time t. The DD regression equation to be estimated is:
The intervention variable, NR i , is a dummy variable indicating whether a survey respondent lived in a NRA or not at the time of interview. The dummy S t denotes whether the data were collected before or after the beginning of the NR intervention. Pre-NR data cover 2 years, 2001-2002, and post-intervention data span for 10 years, 2003-2012. The DD estimate, β 3 , is given by the interaction of NR i and S t and is the main variable of interest. It indicates the impact of being in a NRA during the intervention period when both dummies equal one. Unadjusted crude effect estimates are presented, and adjustment for potential confounders arising from the demographic and socioeconomic characteristics of respondents, X it , is represented by β 4 . Cluster-robust standard errors account for clustering at the soa level.
Panel data methods were used and respondents who migrate in or out of NRAs over the course of the sample were excluded to prevent contamination v . The analysis was also stratified by subgroups of the population to compare trends between groups: male/female, low/higher educational qualifications, vi unemployed/not unemployed, retired/not retired and owner occupier/ renting or other tenure. A discussion of the choice of subgroups is included in the supplementary material.
The results presented are for complete cases, for respondents with complete information on outcome and sociodemographic adjustment variables. Sample sizes for outcomes differ because some outcomes were not asked in every survey wave. Multiple imputation methods were also used as a robustness check to compare the results generated from the raw data with a simulated dataset that replaces missing entries with predicted values, calculated using existing values from other observed variables (methods and missingness are documented in the online supplementary file ; table S4 and table S7 ). Unweighted DD results for complete cases were also compared with inverse probability weighted DD models, which adjust for sample attrition in the iv Linear models are used because of the difficulty interpreting interaction terms in non-linear models, documented difference-in-difference methods literature. 24 25 v As a sensitivity check, we also included those who migrate in/out of NRAs over the study and found the results did not substantially change. These results are available on request from the corresponding author. vi Low educated: GCSE qualifications (mandatory secondary education in the UK) or lower (includes qualifications lower than GCSE level and no qualifications).
panel resulting from observable characteristics among respondents (detailed in the online supplementary file; table S1, table  S2, figure S2, table S3 and table S6 ). The analysis was carried out using STATA V.13. 1. 26 results NRA respondents differed in education, employment status, household income and other sources of income, marital status, number of children, tenure and financial status compared with respondents in non-NRAs (table 1) . The statistically significant differences between NRAs and Control 1 and 2 were few, though NRAs had more renters compared with both deprived controls, and had slightly lower household income and higher benefits than Control 1 (difference tests obtainable in online table S5).
Time trends of the outcome variables are presented in the figure 1. Mean GHQ scores for NRAs and controls were quite closely matched in the early years of the survey but a positive gap developed over time with mean GHQ scores in the control areas declining slightly, while scores in NRAs were broadly static. Over time, in both NRAs and non-NRAs, there was a rise in the number of respondents reporting good or better health. The proportions reporting life as satisfying were lower in NRAs, and there was not much change in life satisfaction in either NRAs or controls. Smoking rates were much higher in NRAs than in all other groups but a similar decline in smoking was witnessed for each over time. The percentage of respondents exercising at least once a week steadily increased in NRAs and deprived controls, while for non-NRAs little change was observed.
The DD models were unable to detect an effect of NR on health and well-being or health behaviours for the NRA target population as a whole, shown in table 2. Selected results for subgroups are presented in table 3.
At baseline, before NR, GHQ in the unadjusted model was significantly higher among respondents in NRAs than non-NRAs. However, when demographic, socioeconomic characteristics and self-rated health of respondents were accounted for, this effect was attenuated and non-significant. At follow-up, during the implementation of NR, the disparity in mental distress scores for respondents in NRAs and non-NRAs remained and was slightly wider but not significant for the adjusted models. However, the DD estimate of the impact of NR on distress was null at 0.03 (95% CI −0.42 to 0.48). Subgroup analysis comparing NRAs and Control 1 reveals that distress among more highly educated respondents rose during the policy operation and for females GHQ scores trended towards an increase.
While the prevalence of reported good self-rated health increased in NRAs, the results did not demonstrate that NR buoyed the probability of good health for the target population beyond the improved trends witnessed for other controls. However, probability of good self-rated health increased by 9% for owner occupiers in NRAs compared with Control 1 and 6% compared with Control 2, associated with NR.
The results also demonstrate that life satisfaction was uninfluenced by NR for the target population as a whole. However, a comparison of retirees in NRAs and non-NRAs reveals that NR was associated with a 10% uplift in the probability of reporting life as satisfying among retirees (p<0.05).
The probability of smoking in NRAs declined over the Strategy period, in accordance with trends for the rest of NI and other groups. The estimated DD coefficient of −0.003 (95% CI −0.04 to 0.03) implies that NR supported a reduction in the probability of smoking when compared with non-NRAs, but this did not attain statistical significance. A 12% gap in smoking rates research report persisted between NRAs and non-NRAs in the unadjusted model (p<0.001), although this gap attenuated to 4% in the adjusted models (p<0.1). Figure 1 shows that the percentage of respondents undertaking weekly exercise in NRAs increased from 56% in wave 2 to 70% in wave 12, while control groups did not experience a corresponding upsurge. However, modelling indicates that the changes between NRAs and non-NRAs over the decade were not statistically significant.
The results generated to account for attrition and missingness did not significantly differ from those presented (see table S6  and table S7) . dIscussIon explaining the lack of neighbourhood-wide improvement NR failed to generate material or consistent health gains in NRAs over and above control areas. At best, we speculate that NR prevented widening of health inequalities over the Strategy period. NR may have had a role in supporting and safeguarding the results of mainstream provision of public services in areas that typically trail behind progress made in the rest of the country. The various NR projects may have been beneficial for the health of some individual participants, but at the population level our modelling did not detect salutary improvements to indicators of health as a result of NR. The findings of this research are consistent with previous NR evaluations. 14 16 Several other studies of ABIs show that, by and large, urban regeneration programmes have not secured affirmative health impacts at the aggregate level. 18-20 27-32 Within the NRAs, healthy lifestyle initiatives, as well as actions to improve neighbourhood environments, services and amenities, may not have been delivered in adequate dose or duration to stimulate or support lifestyle changes or impact on significant proportions of the populations served. The concept of 'dose' is more complex for public health interventions than it is, for example, for pharmaceutical interventions. It must embrace both reach (the fraction of the population affected) and implementation strength (which may be measured differently according to the type of intervention, eg, frequency and duration of intervention components). The concept of dose is further complicated where an intervention acts at different socioecological levels that have multiple different mechanisms of action. 33 34 The evaluation of GoWell housing regeneration in Glasgow found that reductions in health inequalities were confined to 'higher investment areas'. 35 Mental health improvements achieved through the Dutch District Approach were limited to districts that implemented more intensive programmes. 29 The Well London initiative only found tentative evidence of progress on some health outcomes in 'higher exposure areas'. 31 36 Moreover, the NDC policy in England was much more heavily resourced than NR, 16 but nonetheless, there was limited and conflicting evidence of benefit. The government-commissioned evaluation found a significant mental health uplift; however, subsequent academic evidence did not find a statistically robust impact on mental health. 18 20 The effect of NR interventions on health may differ from one NRA to the next. Since decision making was devolved to local partnerships, for some areas, health was a top priority, while for others it did not feature highly in annual reports. 15 Therefore, pooling all NRAs into a single entity to conserve statistical power may mask different effects in diverse NRAs. Stakeholders' views 0.005 −0.04 (−0.14 to 0.05) †Included demographic and socioeconomic covariates: gender, age, age squared,education (degree, other tertiary, A Level, GCSE, other qualification: base-no qualifications), employment status (unemployed, retired, family care, full-time student, long-term sick, non-paid employment: base-self-employed/employed), marital status (married, separated/divorced, widowed: base-single), number of children, tenure (social rent, private rent, other tenure: base-owner occupier), natural logarithm of household income, receipt of a pension, receipt of welfare benefits, have investment income, subjective financial situation (living comfortably, doing alright, getting by, quite difficult: base-very difficult). ‡Where they are not already itemised as dependent variables, the models are adjusted for good self-rated health and dichotomised GHQ (GHQ threshold score of ≥24=1, GHQ score <24=0; this threshold is used as the cut-off to indicate presence of a psychiatric illness 48 49 ). §Significant at p=0.1; *p=0.05; **p=0.01; ***p=0.001. Clustered standard errors on super output area geographical unit. ¶Probability of reporting.
Pre-NR, difference between NRA and control prior to NR; NR, difference between NRA and control for the roll-out of NR; DD (95% CI), difference in the difference between NRA and control pre-launch and post-launch of NR (95% CI). GHQ, General Health Questionnaire; NR, Neighbourhood Renewal; NRA, Neighbourhood Renewal intervention area. DD, difference in the difference between NRA and control pre-launch and post-launch of NR; NR, difference between NRA and control for roll-out of NR; Pre-NR, difference between NRA and control prior to NR. GHQ, General Health Questionnaire; NR, Neighbourhood Renewal; NRA, Neighbourhood Renewal intervention area.
What this study adds
► A rich longitudinal panel survey covering aspects of health and well-being for the same respondents spanning 12 years in intervention and three control areas was assessed before and for the duration of Neighbourhood Renewal in Northern Ireland.
► Robust multiply adjusted analysis demonstrates that respondents' mental health, self-rated health, life satisfaction, smoking and exercise habits were not found to be significantly associated with change as a result of the policy. At best, further widening of inequalities was prevented during a challenging economic period.
research report expressed in the statutory evaluation of NR also revealed that the partnership model underpinning NR took time to establish in some areas, which previously had little experience of working between voluntary and community sectors and statutory bodies. 16 NR-sponsored interventions were not implemented instantaneously with the policy launch in 2003, 14 and so lead-in times may also result in a lag for results to be realised.
Many factors that affect people's health and well-being accumulate over the life course. Early childhood experiences affect later life behaviours and health. It may be unrealistic to expect that having greater access to healthy lifestyle classes would significantly alter lifetime diet and physical activity habits. The surveys used for the present research were not designed to measure individual exposure or participation in any one component of the interventions. If anything, misclassification of individual-level exposures might bias putative effects towards the null. Where interventions do lead to the adoption of healthier lifestyles, the benefits of changes may also take a long time to manifest. Additionally, any enhanced educational, developmental and environmental opportunities for children and adolescents in NRAs, as well as the initiatives tackling worklessness and improving training opportunities for adults in NRAs, may only pay health dividends in the longer term.
strengths and limitations of the current study
Compared with several other ABI evaluations, this quasi-experimental study of a complex real-world intervention offers a longer follow-up than most, with 12-year longitudinal data. The investigation benefits from a substantial sample size; however, power was limited for subgroups and eroded somewhat by attrition. We concede that subgroup analysis is best reserved for hypothesis generation and is typically underpowered. 37 The small effect sizes are comparable to results in parallel studies. 19 27 38 Contamination of controls by NR spillover effects cannot be completely excluded. This cannot be tested since we do not know whether respondents outside NRAs participated in NR health initiatives. However, the views of stakeholders documented in the statutory NR evaluation indicate there was an active effort to minimise spillovers and keep interventions targeted. 16 The research employs evaluation methods advocated by Medical Research Council natural experiment guidance 39 40 and can be replicated. The rich dataset permits adjustment to control for multiple demographic and socioeconomic factors that change over time, though unmeasured confounders may still prevail. The nature of secondary data did not permit measurement of NR participation; however, small household surveys carried out by the NI Housing Executive in NRAs indicated fairly low levels of awareness and involvement in NR. 41 This research expands and complements an existing government-commissioned evaluation. 14 16 The outcome measures of this study offer a superior signal of NR influence on health than mortality statistics that the government uses to inform judgement since there is a long lagged effect on mortality and many more contributing causes.
While we had insufficient access to local financial information on how NR investments were focused, we acknowledge that a return on investment appraisal would be a valuable addition to ABI evaluation.
Furthermore, since local government did not prescribe detailed reporting of the types of intervention and the components of NR, it proved impossible for us to gauge intensity of the different elements, making it difficult to discern what was effective and where. Whitehead proposed a typology of interventions to reduce inequalities: those that strengthen individuals, those that strengthen communities, those that improve living conditions and physical environments, and those that change macro-level policies. 42 43 It is likely that NR included, to varying extents, elements of the first three types and the approach was more 'universal' than targeted within the NRAs. Whitehead's typology, however, does not explicate distinct mechanisms to combat inequalities. Some interventions may span different socioecological levels. Interventions that notionally act at the level of the population, such as the changing of social norms, ultimately affect individual behaviours, but for people whose sensitivities to norms are different, the change in norms (its magnitude or 'dose') may need to be different. 44 Areabased policy by itself may not be sufficient to tackle inequalities and policymakers might consider blended approaches to target the most disadvantaged individuals or groups, while still retaining certain population-wide measures, borne out by recent modelling studies. [45] [46] [47] We speculate that securing health impacts through ABIs requires a higher dose of intervention delivery than NR in NI, and within intervention areas it may be appropriate to focus resources on selected vulnerable groups.
conclusIon
This study does not find a material health impact from an extensive area-based urban regeneration policy in NI. In the UK and several European countries, long-term ABIs have been phased out, which may be justified given the results presented here and elsewhere. However, since we have no access to the counterfactual, it is possible that without NR, health inequalities might have further What is already known on this subject ► Residents of communities characterised by social, economic and physical deprivation tend to experience poorer health and mental well-being, and choose unhealthy lifestyles. ► Evaluations of urban regeneration policies have found limited evidence of health improvement at the target population level. Where gains have been uncovered, these have been limited to distinct subgroups of the population, or have depended on the active agency of residents, or have relied on especially intensive assistance.
► A government-commissioned evaluation of Neighbourhood Renewal found that regenerated areas continued to underperform based on administrative health statistics despite £194 million investment, equal to £75 per capita for residents of intervention areas per annum.
